Structure and excited-state proton transfer in the GFP S205A mutant.
To further explore excited state proton transfer (ESPT) pathways within green fluorescent protein (GFP), mutagenesis, X-ray crystallography, and time-resolved and steady-state optical spectroscopy were employed to create and study the GFP mutant S205A. In wild type GFP (wt-GFP), the proton transfer pathway includes the hydroxyl group of the chromophore, a water molecule, Ser205, and Glu222. We found that the ESPT rate constant of S205A is smaller by a factor of 20 than that of wt-GFP and larger by a factor of 2 in comparison to the ESPT rate of S205V mutant which we previously characterized. (1) High resolution crystal structures reveal that in both S205A and S205V mutants, an alternative proton transfer pathway is formed that involves the chromophore hydroxyl, a bridging water molecule, Thr203 and Glu222. The slow PT rate is explained by the long (∼3.2 Å and presumably weak) hydrogen bond between Thr203 and the water molecule, compared to the 2.7 Å normal hydrogen bond between the water molecule and Ser205 in wt-GFP. For data analysis of the experimental data from both GFP mutants, we used a two-rotamer kinetic model, assuming only one rotamer is capable of ESPT. Data analysis supports an agreement with the underlying assumption of this model.